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INTRODUCTION TO THE PROCEEDINGS FOR THE
THIRD ANNUAL SYMPOSIUM ON SITU..T.ONAL AWARLNESS
INTHE TACTICAL AIR ENVIRONMENT

Background

The 3rd Annual Symposium on Situational Awareness (SA) in the Tactical Air Environment was
held on 2 and 3 June 1998 at the Paul Hall Center in Piney Point, Maryland. The symposium was
sponsored by the Electronic Warfarc Advanced Technology Program, Naval Air Systcms
Command (PMA-272). The symposium was coordinated and hosted by the SA Integrated Product
Team (IPT) at Patuxcnt River: points of contact: LT Meghan Carmody-Bubb at 301-342-9265,
Karen Garner at 301-342-2985, and Tom Assenmacher at 301-342-0026.

Purpose

The objective of the symposium was to provide program managers, system developers, and system
users with a heightened appreeiation for potential SA improvements in tactieal aviation through
the focus areas for the 1998 symposium: Cognitive / Intuitive Interfaces, Multi-modal Interfaces,
Spatial Awareness Interface Considerations, and Validated Situational Awareness Pcrformance
Measurcs.

The symposium provided a unique opportunity to diseuss how SA influences design; learn new
ways to rcsearch SA in the tactical air environment; learn the latest developments in SA-related
technologies; discuss SA with experts on panels and on a one-to-one basis; and network with a
variety of SA researches from government, industry, and academia.

Description of Proceedings

Twenty-nine presentations were given during the symposium. This doeument contains formal
papers based on thosc prescntations. Where papers are not available, executive summaries
previously printed in thc symposium notebook are reprinted in the proccedings to provide
comprehensive doeumentation of topics and authors for your reference.

Personal Note

Even with today’s highly accurate and effective weapons, tactical airborne mission effectiveness
depends on the aircrcw achieving and maintaining a high level of situational awareness throughout
the entirc mission. This can be done first by recognizing the capabilitics and limitations of the
human operator and designing / upgrading systems based on these faetors.

I hope that those who participated in thc symposium left with ideas and insight for improving SA
and new contacts to help in your work. I hope this proceedings document provcs a useful reference
for SA information and eontaets.

Mcghan Carmody-Bubb, LT, MSC, USN

Situational Awareness Intcgrated Product Team Leader

Code 4.6.4.1, Bldg. 2187, Suite 2280

Naval Air Warfarc Center Aircraft Division, Patuxent River, MD 20670-1906
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Haptics As The Most Intuitive Spatial Orientation System

Commander Angus H. Rupert, MC, USN, M.D., Ph.D.
NASA Johnson Space Center
Naval Aerospace Medical Research Laboratory
51 Hovey Road, Pensacola, FL. 32508-1046

Background

Given the criticality of a high level of situation awareness (SA) for survival, the pressures of evolution have
provided every successful species with multiple sensory systems to assure a keen sense of SA. All animals use a
combination of exteroceptive sensors (e.g. visual, auditory, olfactory and somatosensory including tactile) to keep
track of objects in the external environment and proprioceptive sensors (e.g. muscle and tendon stretch, vestibular
linear and angular acceleration and touch receptors) to provide awareness of body orientation and dynamics
within the environment. Touch spans both categories of sensors which together provide during our day-to day
activities independent, complementary, concordant, redundant, reliable, and veridical sources of information that
are assimilated and integrated in the central nervous system (CNS) to develop spatial orientation and SA.
Obviously spatial orientation is a necessary prerequisite for SA. Over several million years, man and other
terrestrial species have developed a refined set of sensors which are finely matched to the dynamics of our normal
daily activities in the two dimensional environment for which they were “designed”.

The sensory systems that serve so well on the ground fail when exposed to the acceleration dynamics of the high
speed platforms in the aerospace environment. The frequent changes in acceleration and direction of aircraft
motion subject aircrew to a resultant gravitoinertial force that is constantly changing in magnitude and direction.
Under such circumstances, the somatosensory and vestibular sensors responding to this constantly varying
apparent gravitational field providc concordant but false information conceming the direction of “down.”
Unfortunately, varying gravitoinertial force fields can also produce visual illusions of motion and position. Thus
in unusual acceleration environments the CNS has the added responsibility of determining which sensory
information is valid.

Understandably, the typical spatial disorientation mishap occurs when the visual orientation system is
compromised (e.g. temporary distraction, increased workload, transitions between visual and meteorological
conditions, or reduced visibility). The CNS must then compute orientation with the only information remaining —
the frequently false vestibular and somatosensory information, which is however in agreement with each other
and hence very compelling. It is for this reason that under these circumstances spatial disorientation is a
physiologically normal response.

TECHNOLOGY Is The Situational Awareness Threat

1) Technology has provided platforms that expose our biological sensors to stimuli that exceed the limits of
sensor design.

2) Technology now permits the presentation of so many sources and such large quantities of information that
the cognitive integrativc capacity of the CNS is overwhelmed.

3) The dynamics of the changing information and conditions provided by the new platform technologies far
exceeds the processing limitations of biological systems.

4) Technology has incrcasingly provided aircrew with the opportunities to fly under conditions that arc
conducive to producing spatial disorientation and loss of SA.

The US Armmy has noted an increase in the number of spatial disorientation mishaps since 1985 coinciding with
the introduction and widespread use of night vision goggles (NVGs) (1). This technology pemitted new mission
profiles including the introduction of night nap-of-the-earth flight, night formation flight, all weather flying and
the carrying of external loads at night all of which subject the pilot to more opportunities to expcrience spatial
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disorientation. Furthermore ncw helicopters are more agile permitting more vigorous acceleration maneuvers —
another factor responsible for the increasing incidencc of spatial disorientation mishaps.

The Solution for Aerospace Spatial Disorientation: TECHNOLOGY
The solution to the biological problems posed above is technology.

To maintain spatial orientation in the three dimensional aviation environment, pilots must be provided with an
intuitive, continuous, veridical sourcc(s) of orientation information rcquiring minimal cognitive cffort similar to
the situation humans normally experience in the two dimensional tcrrestrial environment.

Thce Tactile Situation Awarcness Systcm (TSAS) is simply a matrix of tactilc stimulators (tactors) incorporatcd
into a flight suit (tactor locator system) that provides the pilot with critical flight parameters via the sense of touch.
A variety of algorithms have been developed that apply information derived from the aircraft sensors via an
intuitive haptic display to the aircrew so that they are continuously provided true orientation information. The
success of TSAS as an orientation device is described in other papers in this symposium and elsewhcrc
(2.3,4,5,6,7). What has made TSAS successful is the intuitivc nature of the display.

The concept of using skin to receive information normally presented by the visual channel is not new. For
example, the presentation of letters via Braille is uscd by thousands of visually challenged people. The
disadvantage of Braille is the duration of the training period required to become proficient in its use. Like reading
for children, the acquisition of Braille skills is non-intuitive and typically requires at least a year or two of
intensivc training. In the late 1960’s and early 1970’s there were several efforts (8,9) to provide visual information
(pictures, movies, television etc.,) hapticly on the back or chest using large scale dense matrix arrays of tactors. In
the early 1970’s haptic aviation displays for navigation, airspeed control (10), or command direction to move
controls were attempted without success. None of these attempts succeeded, in part due to the non-intuitive nature
of the display and in part, due to presenting information that excceded the physiological capabilities of the touch
sensory system. Skin on the torso has a two-point discrimination of several centimeters, which prevents the
presentation of information that does not match the bandwidth of the limited resolution available.

Intuition is the power of attaining direct knowledge or cognition without rational thought and inference. What
makes a tool or system intuitive and how can you ascribe a value to the “intuitiveness” of a system? An interface
or system is intuitive when the logical operation is consistent with the operator’s life experience and mental
model. Most pilot interfaces and avionics systems arc designed by engineers and human factors engineers with
the view of training the pilot/operator to think like the system they have designed. The recent trend in human-
centered design is instead to develop a system that operates like the pilot thinks. However, despite marginal
improvements, since these displays are visual they continue to require significant cognitive effort. TSAS as we
shall see goes one step further in that it works like the pilot reacts by accessing the pilot at the level of “reaction”
and “‘subconsciousness” bchavior.

Spatial orientation in our daily activities is an automated process that does not normally requirc conscious effort.
Nature has developed highly efficient automated “subroutines” that provide exccllent spatial orientation to
animals while permitting them to attend to other survival tasks such as hunting or evading predators. If it were
necessary for prey animals to devote the same effort to orientation that pilots currently do they would not cat
regularly and would themselves become hunted.

Reflexes, such as timb withdrawal in response to a painful stimulus, occur at the lowest level of the CNS
organization -- at thc segmiental level of the spinal cord. Such reactions have limited, well defined, constrained
neural elements that convey robust “hardwired” responses that posses limited ability to change with repeated
experiences. By comparison high level cognitive tasks (e.g., instrument reading and subsequent decision making)
are associated with cortical processes characterized as anatomicly diffuse, and subjcct to behavioral plasticity
from many subtle spheres of influence. In terms of computer technology reflexes rcsemble hardware while
cognition resembles software.



Between these two extremes is thc organization of automated functions such as oricntation. The lowest level at
which we see a coordinated orienting reflex in response to local stimulation is at the level of the midbrain.
Midbrain stimulation produccs a patterned cye, head, neck, torso and limb movement to direct attention to a
specific location in space. The organization and temporal development of the neural architccture responsible for
these orientation reflexes reflects the primacy of touch for spatial orientation and situation awarencss. In the
ontogeny (i.e., developmental sequences in the life of the individual) of neura' development, the first sensory
system to which reactivity can be shown is the skin-muscle-joint proprioceptive system (11). As can bc seen in
Figure 1, the vestibular system follows and it is only much later that the auditory and visual orientation sensory
systems arc sequentially added to form the overall spatial orientation system. This is in kceping with the principle
that “ontogeny recapitulates phylogeny™ (i.c., individual dcvelopment follows the temporal pattern that has
occurrcd over the evolutionary time scalc). It thus indicates that touch is the first orientation system from an
evolutionary perspcctive.

Vcstibular Visual cucs used
Scnsitivity to locatc mother

Tactile Auditory Hcaring well
Sensitivity Oricntation developed
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| | | | ) |
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Figure 1. Timetable outlining sensory development of the domestic cat. (Turner and Bateson, 1988)

Within the midbrain the haptic system is topologically arranged to map to the external environment. It is the
lowest layer and sequentially the auditory and visual representations of the world are overlaid during devclopment
with their connections and architecture built on the base architecture established by the sense of touch. For this
reason touch is the primal orientation system. The other sensory systems depend on it for development. Although
people are often bom and survive without vision or without hearing, individuals bomn without proprioceptivc
touch do not survive. Indeed the very rare individual who loses the sense of proprioceptive touch later in life finds
the simple task of rcaching for objects or walking so cognitively demanding as to be totally exhausting to the
point that rcmaining in a wheelchair may be the better choice. This should cause us to reevaluate the literature that
so often claims vision is the most important orientation sense.

Proprioceptive touch like the vestibular system provides continuous information that does not reach our level of
awarcness or consciousness except under unusual circumstances (e.g., conflicting or confusing information). In
summary, the automated function of haptic orientation has a well defined midbrain architecture (hardwarc), fast
robust responses, and minimal demands on cognition which make it the best candidate to provide continuous,
intuitive orientation information.

One measure of the “intuitiveness” of a tool or system is the time required to train an individual to use the system.
A perfectly intuitive system requires no training. For example, a TSAS designed to tap the operator on thc



shoulder, or a location on the torso, to represent a threat towards which she/he is to direct attention is a system that
the takes advantage of the cumulative life experience of the operator. In actuality, the operator has been “trained”
from the point in development at which these reactions could be demonstrated in the womb. Consistent
reinforcement of this reflex with day-to-day life experiences provides the training that TSAS takes advantage of
through human-centered design of the TSAS interface. Another example is the TSAS orientation to the direction
“down” — a prerequisite for both visual and instrument flight. The TSAS provides tactile stimuli to the area of the
torso where the pilot would normally receive pressure cues on the ground if she/he were firmly attached to a chair
with multiple straps. Such a presentation requires only minutes to train either an experienced pilot or novice since
for both individuals the logical operation is consistent with their mental model based on cumulative life
experience. The relation between intuitiveness and time required to train is obvious. Orientation displays that
require little or no training take advantage of neural architecture developed over millions of years. When a
designer can use the fast, robust reflexive tactile system in lieu of the slower, more plastic cognitive visual

processes the resulting display will enhance pilot performance by increasing the cognitive reserve available for
other cockpit tasks.

As pointed out earlier, some aspects of SA including spatial orientation are not normally cognitive tasks
demanding attention. They occur at a lower level, sometimes reflexively, and operate on neural architecture
reflecting the development of “subroutines™ that permit the individual to allocate cognitive/attentional resources
to other tasks. In the typical military cockpit there are many types of information that can only, or are best,
presented visually. TSAS presentation of flight information will reduce “clutter” on visual displays thereby
enhancing the presentation of visual data.

The TSAS is not limited to individual awareness but is easily applied collectively to the flight crew. Normally
critical information is either duplicated as redundant instrumentation or alternatively, is located in the shared space
between the pilots as an “open interface” whereby pilots monitor the action of the other without verbal
communication. TSAS can provide simultaneously to all aircrew, the critical information (attitude, airspeed,
ground proximity, target range and bearing, etc.) to enhance system robustness through multiple representation. It
will also enhance detection of autopilot errors by providing all aircrew with attitude information to enable aircrew
to detect uncommanded flight profiles.

Recommendations for Future Research Directions

1) Basic science research focused on a) optimizing the presentation of flow and dynamics of orientation, b)
techniques to minimize the number of tactors using the illusions present in the system of touch, and c)
mixtures of tactor clusters presenting vibratory, electrical, and tangential sweep stimuli.

2) Tactor development including reduction in size and power requirements.

3) Basic science research to determine the optimal mixture of sensory modalities to convey spatial
orientation and situation awareness information in the aerospace environment.
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Evaluation of Prototype Display of
Enemy Launch Acceptability Region (LAR) on the F/A-18 HUD

LT Meghan A. Carmody-Bubb and LCDR Dave A. Maybury
Naval Air Warfare Center Aircraft Division
Patuxent River, MD

This study began with an informal survey of tactical aircrew for suggestions on potential display modifications
to improve situational awareness (SA) in the electronic air combat environment. One suggestion that was repeated
among F/A-18 aircrew was to display an enemy’s Launch Acceptability Region (LAR), in addition to ownship
LAR, which is currently displayed. The current Launch Acceptability Region is displayed on the Normalized In-
Range Display (NIRD) / Allowable Steering Error (ASE) circle on the head up display (HUD), as well as on the
Radar Scope. It provides the pilot with information on his/her ability to destroy a threat. The LAR includes three
parameters: Rmax (the pilot is within range to destroy the threat with the selected missile), Rno escape (if the pilot
fires a missile, it will most likely destroy the threat), and Rmin (if the pilot shoots after Rmin, the missile will not
arm fast enough to destroy the target). At the present time, there is no display telling the pilot when he/she is within
lethal range of a threat aircraft; e.g., when he/she is in the threat’s Rmin, Rmax and Rno escape. The pilot must
calculate this information, considering prior information, training, intelligence regarding the threat, and it's probable
missiles and their parameters. According to aircrew, this involves a good deal of “number crunching” headwork.
While aviators are skilled at such tasks and often have the ability to leam weapon performance parameters rapidly,
it takes experience and flight hours in a particular platform to develop what Schneider and Shiffrin (1977) describe
as automatic processing of the information. According to Fisk and Scerbo (1987), there are several fundamental
differences between automatic and controlled processing. Whereas controlled processing is serial in nature,
requires effort, and requires little or no practice to achieve asymptotic performance, automatic processing is parallel
in nature, requires little or no effort, but requires extensive, consistent training to develop. Perhaps most
importantly, automatic processing, unlike controlled processing, is not limited by short-term memory (STM)
capacity. Automatic processing of the information inherent in determining an enemy’s LAR is critical to a pilot
operating under the stress of combat conditions, particularly in a cockpit that is becoming increasingly complex,
with multiple sources of data to be manipulated in STM. While automatic processing might be expected in the
platform-seasoned aviator, many combat aviators, such as a pilot fresh out of the Fleet Replenishment Squadron
(FRS), will not posses that level of familiarization with a particular platform.

The purpose of the present study was to examine whether the concept of displaying the enemy’s LAR to the
F/A-18 pilot would significantly enhance his’her SA of ownship vulnerability and improve performance by
reducing number-crunching headwork and allowing for more timely and accurate decisions and tactical
maneuvering. A prototype display of enemy LAR was presented on a simulated F/A-18 HUD, and compared with
the current LAR display. Results indicated that pilots were more accurate in determining their own vulnerability
with the prototype display, and that they did so more rapidly. Additionally, subjective data indicated that pilots
perceived themselves as having better SA and lower workload with the prototype display.

Method

Eleven test pilots from Strike Aircraft Test Squadron at the Naval Air Warfare Center, Aircraft Division,
Patuxent River participated as subjects. All had time piloting the F/A-18, including 6 qualified F/A-18 pilots. The
study was conducted in the Crewstation Technology Laboratory (CTL) and utilized the behavioral and testing
resources developed and operated by Dr. R. S. Dunn and his staff. Special contributions were made by Tom
Moulds of the CTL, who spent many hours programming and reprogramming the various prototype displays and
experimental scenarios.

The simulator used for the testing was a mid-fidelity F/A-18 mimic (did not utilize actual mission computer)
developed by Sim Systems and maintained and modified, where applicable and allowable, in the CTL.

Prior to data collection, all subjects received a preflight brief. The brief included a “familiarization flight” in
the simulator, the goals of the mission and the evaluation, and the parameters of the notional missiles carried by
ownship and opponent aircrafi, described below.



Each subject flew 5 scenarios that varied in altitude and airspeed. All scenarios began 40 miles out and ran
until the clock on the ASE/NIRD circle reached just past Rmax. All scenarios were flown first with the current
LAR display (Figure [), and then with the pr-*otype display of enemy LLAR (Figure 2).

B

Figure 1: Current LAR Display
(Clock ticks down counterclockwise. In this instance, ownship is approaching Rmax.)

Figure 2: Prototype LAR Display
(Square box represents opponent’s clock. In this case, the opponent is at Rmax before ownship;
i.e., the opponent has “shoot first” advantage.)

This aspect of the design was not counterbalanced. As all subjects were familiar with the current display, it
served essentially as a baseline and the experimenters did not expect its precedence to have an effect on data or
ratings under the prototype display condition. On the other hand, it was expected that prior viewing of the
prototype display might :ffect either performance, verbal reports, or subjective ratings of the current display.

Scenarios were designed to provide an equal number ~f engagements in which either the ownship or the
opponent had the “shoot first” advantage. In all cases, the subjects were instructed to maintain altitude and airspeed
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(except the Combat Air Patrol scenario, in which they were directed to increase speed upon radar contact). Subjects
were told to assume their opponent was co-altitude and co-airspeed, in a straight-on | v | engagement. Aircraft
maneuvers had to be discouraged due to limitations of the simulator, but aircrew were instructed to verbally report
any evasive or aggressive maneuvers they would pursue in any given scenario. Suvjects were also instructed 10
verbally report whether they or their opponent had the “shoot first” advantage, both at initial contact and at Rmax.

The simulator was programmed with parameters for two different notional missiles: one for ownship and one
for opponent aircraft. The concept of using a notional missile was applied in order to create a potential for memory
load similar to what a novice (in platform) pilot might experience under combat conditions. Because we could not
recreate this scenario in a simulation using highly experienced test pilots who have intimate knowledge of the F/A-
18 weapons payload, we created notional missiles for both ownship and opponent. Each subject studied the
performance parameters of both missiles prior to participation in the simulator runs.

During the simulator runs, video and audio data were recorded. The video recorded the information from the
simulator screen (the HUD information). while audio recorded pilot comments and verbal data. Following each
round of scenarios (without versus with the new prototype display), subjects were given the China Lake Situational
Assessment (CLSA). This is a subjective situational awareness scale under development by Steven Adams at the

CHINA LAKE SITUATION ASSESSMENT (CLSA)

SA SCALE VALUE CONTENT
VERY GOOD o  FULL KNOWLEDGE OF TACTICAL
ENVIRONMENT / OWNSHIP LAR
I RELATIVE TO ENEMY LAR
o FULLABILITY TO ANTICIPATE/
ACCOMMODATE TRENDS
GOOD o FULL KNOWLEDGE OF

TACTICAL ENVIRONMENT/
OWNSHIP LAR RELATIVE TO
2 ENEMY LAR
o PARTIAL ABILITY TO
ANTICIPATE/ACCOMMODATE TRENDS

ADEQUATE o FULL KNOWLEDGE OF TACTICAL
ENVIRONMENT/OWNSHIP LAR
RELATIVE TO ENEMY LAR

0 SATURATED ABILITY TO ANTICIPATE/
ACCOMMODATE TRENDS

POOR o FAIR KNOWLEDGE OF TACTICAL
ENVIRONMENT / OWNSHIP LAR
RELATIVE TO ENEMY LAR

0 SATURATED ABILITY TO ANTICIPATE/
ACCOMMODATE TRENDS

YERY POOR o MINIMAL KNOWLEDGE OF TACTICAL
ENVIRONMENT/OWNSIIIP LAR
RELATIVE TO ENEMY LAR

o OVERSAT ABILITY TO ANTICIPATE/
ACCOMMODATE TRENDS

Figure 3: CLSA Scale Results
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Naval Air Warfare Center Weapons Division (NAWCWD) China Lake. The descriptors on the scale were modified
slightly to fit the present task. A sample of the scale is provided in Figure 3. Additionally, after all simulator runs
were completed, each subject was given the Subjective Workload Dominance (SWORD) and SA-SWORD tests, a
final questionnaire and a debrief. It should be noted that the SWORD and SA-SWORD were modified slightly.
There were 9 response slots between the 2 displays being compared, as opposed to the typical 17 slots. According
to Vidulich, Ward, and Schueren (1991), the number of slots was adapted directly from Saaty’s ( 1980) Analytic
Hierarchy Process (AHP) scale, in which 17 slots were selected to comply with Miller’s (1956) seven plus or minus
two capacity of working memory (1 slot for equal and 8 on each side). This was maintained in SWORD because
the results of Budescu, Zwick, and Rapoport (1986) showed no reason to alter it. In other words, there's no
evidence the absolute value of the slot number is a critical element.

Results

Video and audio data were post-processed to obtain accuracy and “decision time™ data. Accuracy was
determined by the subjects’ verbal reports of whether they or their opponent had the “shoot first” advantage in a
particular scenario. The percentage of correct reports across scenarios was recorded for both the initial report (initial
radar contact / start of wind-down clock on ASE/NIRD circle) and the report at Rmax. Decision time data was
somewhat less explicit. Because verbal data were used, there was not a specific subject-initiated event (like a button
press) from which to time how long it took a subject to decide who had the advantage. Instead, the investigators
used “length of report.” Subjects either gave an immediate report, such as “I have the advantage,” or they appeared
to think aloud, giving reports such as “Now at this altitude and airspeed...... I should have the advantage.” Length
of the report or “decision time” was defined from the first verbalization to the point at which a distinction between
ownship and opponent was made.

In analyzing the performance data, the scenarios were treated as separate trials across which the data were
averaged. A t-test for dependent samples was performed on the current LAR display versus the prototype LAR
display for both the accuracy and the decision time data. Results indicated significant improvements in accuracy (p
<.05) both at initial and at Rmax, and significant decreases in decision time (p < .05) with the prototype LAR. The
respective means are displayed in figures 4, 5 and 6 below.

110%- 98%
90%- 78%
70%:

50%:-
Old Lar NewlLar

Figure 4: Mecan % Correct at Initial
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100%
90%
80%
70%
60%
50%

B mean

Old Lar New Lar

Figure 5: Mean % Correct at Rmax

4.5
3.5
2.5
1.5-
0.5
-0.5

1.74

Old Lar New Lar

Figure 6: Answer Length/Decision Time (In seconds)

Regarding the subjective data, the Wilcoxon Matched Pairs test was performed on the CLSA data. [t was
significant at p < .01. For purposes of comparison, the mean CLSA rating for the current LAR display was 2.68,
while that of the prototype LAR display was 1.45 (note that on the CLSA scale, the lower the rating, the higher the
perceived SA).

A t-test for dependent samples was performed on both the SWORD and SA-SWORD data. As there is some
controversy over whether SWORD data is truly ratio data, a Wilcoxon Matched Pairs test was performed, as well.
Both tests were significant for both sets of data at p <.01. The workload rating means for SWORD were .744 and
.256 for the current and the prototype display, respectively. Those for SA SWORD were .268 and .732 for the
current and the prototype display, respectively.
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Overall results for the questionnaire are reported on the chart below:

I How much do you think the pratotype displav
of enemy LAR would enhance your SA af
vour susceptibility 10 a threat””?

[®]

How much do you think the concept of
displaving enemy LAR would enhance vour
SA of vour susceptibility to a threa”

3 How much do you think the concept of
displaying enemy LAR would enhance your
mission performance”

i

4 How much do you think the concept of
diplaying enemy LAR wauld enhance your
survivability?

In addition to the four rating-based questions, pilots were asked the open-ended question, “What changes, if any,
would you like to see in the display?” The most frequent responses to this question included the following:

1) Answers related to the actual display, such as the desire for smoother transitioning of the tick-mark (less
jumpiness), and the addition of aural cues (5 responses).

2) Desire to place the display heads-down in addition to the HUD, such as on the radar or SA page. Most of
these respondents, however, stated that if they had to choose | position to display enemy LAR, it would be on the HUD
(4 responses).

3) Display additional information, such as weapons type and multiple bogies (4 responses).

Discussion

Whenever a new concept of displaying information in the cockpit is introduced, it is often met with some
resistance. This is with good reason. The modem cockpit is inundated with data from a variety of sources, and whether
or not those data are transformed into usable information by the pilot depends on several factors inherent in human
cognition, display design, and their interaction. This is particularly true of the F/A-18, with its single crewmember and
its very utilized mission computer. In the case of displaying enemy LAR, for example, where it may seem obvious that
such a concept should improve SA of ownship vulnerability, many would argue that any additions to the HUD would
prove distracting to the pilot. The approach of this study, therefore, was to prove the utility of the concept of displaying
enemy LAR through rapid and relatively inexpensive prototyping . Such prototyping can be a very useful and
important method of obtaining initial data to examine whether or not a new concept is worth pursuing.

According to the findings, the concept of displaying enemy LAR on the HUD significantly improves the F/A-18
pilot’s situational awareness of ownship vulnerability. This is evidenced by improved accuracy and reduced decision
time in determining ownship versus opponent advantage, as well as subjective ratings of SA. Furthermore, the subjects
indicated a strong belief that such information displayed on the HUD would enhance their mission performance and
survivability.

From this point, it is now necessary to pursue more detailed areas of the research question, particularly related to
displaying the information under the various operational conditions that are likely to be encountered. Future research
needs to examine several display considerations in a high-fidelity simulation of realistic operational combat conditions.
Display considerations should include those highlighted by the aircrew, including placement of the enemy LAR display
(HUD versus radar screen versus SA page versus all three), optimal design of the display itself, and the optimal number
of bogies that can be tracked. The research field is currently exploding with advanced display technologies, from 3-D
audio to virtual reality displays, and such avenues should be considered for their potential to improve enemy LLAR
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displays. Finally, there are several considerations regarding implementation of an enemy LAR display in the actual
aircraft, and such practical matters as mission computer capacity must be taken into account when operating future
evaluations under higher fidelity simulation, and well as in any fleet implementation planning.
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1. INTRODUCTION

The Naval Research Laboratory (NRL) has been involved in research and development efforts in the areas of
(1) automated routing of strike aircraft'. (2) advanced 3D displays and interaction technologies, and (3) collaboration
tools and protocols. This research has been conducted to advance the state of the art in each technology area,
particularly for military command and control applications.

This paper will concentrate on the research conducted in item (2), the results of which are incorporated in the
STrike Optimized Mission Planning Module (STOMPM). The STOMPM testbed allows the user to load various
terrain data, create strike related routing scenarios consisting of threats and targets, test the various routing algorithms
and assess their performance, and visualize this information and interact with it in a natural setting. Two versions of
STOMPM currently exist, versions 1.0 (v1.0) and 2.0 (v2.0). The STOMPM v1.0 was primarily developed to test
auto-routing technology, and does not include technology needed to run on advanced displays such as the Virtual
Reality Responsive WorkBench, VRRWB (i.e, STOMPM v1.0 operates best on a computer monitor with a
mouse/menu interface). The STOMPM v2.0 also includes autorouting technology (specifically autorouting algorithms
which take into consideration fuel and turn constraints which are not included in STOMPM v1.0), but also includes a
user interface that is well suited to running on more advanced displays such as the workbench.

This paper will provide a high level description of both versions of the STOMPM testbed. Following this
discussion, we will describe state-of-the-art technologies in visualization, advanced displays and scene interaction
capabilities that have been incorporated within STOMPM v2.0. We will conclude with a discussion of the advantages
associated with the use of the workbench and also the interface that has been developed within STOMPM for the
workbench. Lastly, we will discuss areas for future research.

2. STOMPM SYSTEM DESCRIPTION

The STOMPM system serves as a testbed for the research and development of strike asset routing algorithms,
3D displays and interaction techniques, and research in collaborative tools and protocols. Version 1.0 of STOMPM
was built mainly to support research conducted in strike asset routing algorithms, while version 2.0 of STOMPM was
built primarily to support advanced 3D displays and interaction techniques (both versions have similar models, e.g.,
Radar Terrain Masking (RTM)?. The following sections provide details associated with each version of STOMPM.

2.1 THE STOMPM v1.0

The original STOMPM testbed (V1.0)’ was developed in C using the FORMS* software library for the user
interface and the native SGI graphics library for rendering the scene. The main emphasis of STOMPM V1.0 is to allow
the developer to easily incorporate auto-routing technology and be able to test the algorithms via a simple mouse/menu
user interface. Many autorouting algorithms were implemented ranging from simple least cost path to jointly optimal
routing'. A screenshot of the STOMPM system is shown in Figure 1. This version of STOMPM allows the user to
load terrain maps (i.e., Digital Terrain Elevation Data or DTED), place assets, radar types, and targets on the terrain,
specify routing parameters, and eventually choose a particular routing routine to find route(s) from the assets to the
targets. The user has the ability to save/load scene files, view the environment from various locations, get/change
information about entities in the scene, and modify certain attributes associated with the visualization of this
information.
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Figure 1: Screenshot of STOMPM V1.0 User interface. Shown are the RTM cones and a set of suppression and attack
routes. The suppression routes open a corridor for the attack routes.

Although version 1.0 of STOMPM was specifically designed to test autorouting technology, near the latter
part of it's development cycle stereographics®® were incorporated into the interface. Since this version of STOMPM
was still based on the mouse/menu style interface, it did not work well with stereographics because the menus were not
drawn as a part of the environment being modeled, and only the environment and the objects contained in it were in
stereo. This was part of the reason that STOMPM was eventually reimplemented. A second reason for
reimplementation was due to the fact that version 1.0 was not easily extendable. Creating new objects meant defining
new data structures for objects. An object oriented paradigm was investigated and eventually accepted as part of the
design in order to provide a more flexible system in which new objects could be created with little effort, making use of
already existing object classes.

2.2 THE STOMPM v2.0

The STOMPM V2.0 is a set of object-oriented C++ toolkits that facilitate the development of virtual
environment simulation & planning environments. The STOMPM toolkits as they exist now provide a means to access
and use routing algorithms, visualize and interact with a scene, and collaborate with other distributed STOMPM
modules. A primary goal of STOMPM was that it be useful and easily transferable to other uses or designs. Towards
this end, each of the STOMPM toolkits is specific in purpose, either extending existing functionality or adding to it.
Through the combined use of some or all of the toolkits, it is possible to easily build new applications and/or interfaces
by adding to the existing foundation of components and coding practices. In the discussion that follows, all italicized
words can be interpreted as base classes or objects derived from those-base classes. In either case, the meaning of these
italicized words are the same in the context in which they are used, the difference is important only in the design and
implemcntation phase (i.e., they can be used interchangeably for the purpose of the discussion).

The purpose of STOMPM is to support the capability to generate an automated set of routes from a set of
starting points (sources) to a set of targets (sinks) contained in a defined scene with obstacles. A primary goal of
STOMPM V2.0 is that it continues to be an extensible application, ready for use or as the basis of new or old
applications. In achieving these two goals, as with all programming, it is important to define the constraints, key
dependencies, and post-conditions that define how to implement the goals more concretely. Therefore, the design of
STOMPM started with the desired capabilities, which were mainly set at the beginning, but also evolved over the
course of the project. Below we discuss the capabilities developed as a result of our goals.

The routing algorithms in STOMPM, given a correctly specified scene and set of routing constraints, calculate
an optimal route from a source to a target. Currently there are three algorithms in V2.0, but this number will be
extended in the future. Thcre is an unconstrained router, a router that is restrained by tum-angles but trades speed for a
possibly non-optimal route, and an optimal tum-angle constrainc 1 router. The algorithms are interested in those objects
in the scene that represent a threat to an asset attempting to get from the source to the sink. An example of such a threat
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is a radar, which interacts in complex ways with the surrounding terrain. Thus the router is dependent upon a certain
scenario or scene the user has created, and the underlying objects that make up this scene.

STOMPM provides several different utilities that may be used to create a versatile, alterable, and extendable
user interface to interact with the objects in a scene or other components of STOMPM. The first point regarding the
STOMPM interface is it's ability to provide a representation of the scene which the route~ will use. implying bothau °r
viewpoint, and graphic representations for all objects that make up the scene. Visualization is crucial for concepts like
RTM that are most intuitively understood and correctable when visualized. Secondly, the ability to alter the user
viewpoint and the objects in the scene (hereafter referred to as SceneObjects) is present in the form of a user HotSpot.
The HotSpot is a 3D version of a mouse pointer and can be driven by a variety of input devices (mouse, 6 degree of
freedom tracker, keyboard, etc.) and is used to select, move objects, alter the user’s view, etc. STOMPM also is able to
store and retrieve scenes for use at a later time.

Though the interactions with the HotSpot can be varied in several ways, there is still a need for other forms of
input. STOMPM also provides both keyboard support and 3D menus (which interact with the HotSpor). All of this
assumes that the user wishes to interact directly with the scene. However, another means of changing the scene the
router uses is also available within STOMPM. There exists support for distributed communication, currently limiting
the users to one concurrent shared scene. Thus, it is possible to alter the layout of the scene by reading from a
STOMPM feed coming from another computer over a network. The interactions with the scene are merely support to
supply the router with the necessary information to do its work.

The STOMPM system is composed of a complex set of components. It is able to provide scene management,
viewing, support for various input devices, a 3D menuing system (Figure 2), peer-to-peer networking support, object
interaction through the HotSpot, provide information feedback, archivability, as well as providing hooks for other
useful operations. The next section will describe the visualization, advanced display, and scene interaction capabilities
that have been implemented within STOMPM v2.0.

Figure 2: The STOMPM v2.0 user interface showing the HotSpot (seen as circle in “"Low" per object submenu), 3D
System Menu, and 3D Per/Object menus for manipulating object specific information

3. VISUALIZATION, ADVANCED DISPLAYS AND INTERACTION IN STOMPM

The next section will discuss a visualization technology that has been investigated and implemented within
STOMPM, namely the use of stereographics for the inspection of the 3D strike information.  The following section
will discuss an advanced display technology being utilized for the 3D visualization of STOMPM scenarios, namely the
virtual reality responsive workbench. The advantages of using the workbench will be presented. Lastly, we will
discuss novel interaction technologies that have been developed within STOMPM for the workbench.

3.1 VISUALIZATION TECHNIQUES

Stereographics®® provides a true 3D representation of an environment by providing two images to the eyes in
sequential order, one for the left and one for the right. This allows the user to perceive depth on a two-dimensional
monitor. Implementing the stereo effect in software is not very difficult and works as follows: produce two images of
the scene and double the monitor's refresh rate.  One of these images is for the right eye while the other is for the left
eye. The user can then wear Liquid Crystal Display (LCD) shutter glasses to view the image in stereo. The shutter
glasses work by showing the left eye the image intended for the left eye and the right eye the image intended for the
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right eye, in altemnating sequence (i.e., the shutters in the glasses open and close in synchronization with the monitors
refresh rate - the synchronization signal is sent to the glasses from an emitter). The overall effect to the user is a view
which more closely resembles 3D - the stereo image can be either projected in front of, or behind, the computcr screen,
by adjusting a parameter in the software that controls the distance from thc eyes to the image convergence point.

There are several * :ms worth mentioning about the use of stereo. As was already mentioned, the stereo image
can be projected in front of, or behind, the computer screen by adjusting a certain parameter in the softwarc. When onc
sets the parameter such that the image is projected in front of the screen, the eyes can get confused by a floating imagc
in front of the screen, which when seen in comparison to the edges of the window/display, appear underncath the
window/display (edge effects). Zooming or panning effects can further magnify the “edge effect” phenomenon.
Therefore, it is important to have the entire scene visible when one wishes to project the image in front of the computer
screen. However, by having the entire scene visible on the screen, it may be impossiblc to view the important details
associated with thc scenario. In many instances, it is desirable to project the image bchind the screen. What we have
noticed is that in our particular application, when the maximum height of thc vicwable terrain is projccted behind the
screen, even after panning or zooming, edge effects arc removed. In this rcgard it may be easicr to zoom or pan, thus
enabling more details associated with the sccnario to be seen.

3.2 ADVANCED DISPLAYS

The NRL has investigated the use of advanced displays for Command and Control applications, particularly
the use of a virtual reality responsive workbench, (Figures 3a and 3b). The workbench was originally developed and
built at the GMD National Research Center for Information Technology, and a copy was built at NRL for initial
research. Currently, NRL is using a commercially available workbench developed by Fakespace Corporation.
Whereas the original workbench top was not adjustable, the one developed by Fakespace has an adjustable table top
which can tilt to approximately 45 degrees for easier viewing.

Speech
Recognition LCD Shutter Glasses
. Virtual
Glove 3D Image
Translucent
/ ” Tabletop
Sl Projector
Video
- :’:;‘a”g., —a—from
computer

Mirror

Figurc 3a: A schematic of the virtual reality responsive
workbench (printed from the NRL’s VR Laboratory
homepage).

Figure 3b: A computer generated image of the virtual
reality responsive workbench.

Video from the computer is sent to the projector, which projects the stereo image onto a mirror. Thc mirror
rcflects this image onto a transluccnt table top. Two pairs of emitters are mountcd at the back two comncrs of the table
top. The use of two pairs of emitters provides a stronger synchronization signal for the shutter glasses, however, a
single emitter could be configured for use. When displaying an image on the workbench, the user can control whether
the image appears to float above, or just below, the table top by adjusting the same parameter which controls where the
image converges (e.g., with respect to the far/near clipping planes).

The advantage of the use of stereo on the virtual workbench arises from observing that users naturally
perceive altitude in the same direction as a vector which is perpendicular to the earth. The workbench provides an
environment in which users can naturally interact with objects on terrain in a natural table top environment. On a
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computer monitor, altitude would be in the same direction as a vector perpendicular to the computer screen. This is a
little awkward to work with, especially when trying to adjust the routes in the z direction. The viewing area is also
greater as compared to the standard computer monitor. This larger viewing area provides a more comfortable
environment for multiple user to interact with the workbench application.

3.3 INTERACTION IN STOMPM v2.0

STOMPM is made up of several components and toolkits. Each toolkitzcomponent provides an independent
functionality that is intrinsically different from the others. The primary toolkits that STOMPM provides are the
Application Tool Kit (ATK), the Routing Tool Kit (RTK), the Graphic ATK (GATK), and the Networking TK. Within
each of these toolkits are components and’or extensions to objects in other toolkits. Another crucial component is the
SceneObject that the other toolkits either manage or use to accomplish their task.

The ATK provides a framework basis for thc other toolkits. The GATK adds graphic capabilities to the
existing system. The RTK uses the ATK and SceneObjects to perform its routing tasks. The Networking TK extends
network functionality to the ATK & GATK, but could also be considered more an extension of the existing framework
than a part of the framework. The GATK will now be described in greater detail.

The purpose of the GATK is to provide a base set of tools that are extendable for developing the GUI that will
meet the end-users' needs. The GATK, as its name implies, inherits from the ATK, mainly because all of the
components it uses must also be changed to be graphic in nature but are the same in functionality. A platform
limitation of the current implementation is that the GATK uses Performer, an SGI rendering system, to do its rendering
and much of its interfacing. Beyond these factors, the GATK extends the ATK to include input devices, viewing
paradigms, interface mechanisms, and other 10 components which are usable in part, whole, or not at all, based on user
requirements.

The key extension of the GATK is the introduction of the HotSpot. The HotSpot corresponds to a 3D mouse
pointer in concept. With the HotSpot, you can select, pop menus up, move objects, etc. It is the graphical means by
which input is specified. Visually it is represented as a spot on the screen, which is simple enough to understand. The
more difficult part, is how to move and position it with 6 degrees of freedom, and how it communicates with the objects
it interacts with.

The HotSpot currently is driven by one of two input devices. The first input device is a 3-Button mouse, and
the second input device is a 6 degree of freedom tracker. The tracker is currently used as a virtual pointing stick to
obtain the point of interest on the screen. The point of interest for a mouse is likewise an x-y coordinate pair. The point
of interest is used to project a ray from the users viewpoint to the viewing screen's position in world-space, and the first
object of intersection (assuming intersection) becomes the location of the HotSpot. So in a very real sense, the HotSpot
is its own device that is driven by the tracker or the mouse. Using the buttons, the tracker or mouse handler can move
the HotSpot in or out. As the HotSpot is considered native to the GATK, whereas the tracker/mouse devices are not, the
HotSpot has communication protocols established with the objects it interacts with.

Every object of significance on the display is given the ability to handle events. By this mechanism, all
GSceneObjects (and InterfaceObjects such as menus) are given the ability to respond to events that relate to them. This
is set up primarily for interactions with the HotSpot, though the developer has the option of extending this. The
HotSpor thus at agreed times sends informational messages to the objects it interacts with. In particular, when the
object is selected, unselected, hit, or unhit, the object in question is notified that the event took place. Thus, each object
chooses how it will respond to particular events. Most objects will probably respond in the same way, and thus are
given a default handler. For instance, when most SceneQObjects receive a move event, they move themselves in space.
However, when the TerrainObject receives a move event, its behavior is overridden to move the viewer of the scene
thereby accomplishing the desired interaction. Thus every object has the chance to easily override behavior.

By using the HotSpot and its communication protocol, several features of interest have been added to
STOMPM. The user can now add 3D menus that when selected will perform developer specified callbacks. These
menus are also operable on a per-object basis, radars can have one type of menu, each tank can have its own specialized
menu, etc. Since these menus are just like any other 3D object in the scene, the stereo effect is preserved. Objects can
have designated common handlers, e.g. all objects that must be placed on the ground can use one common handler that
drops the object back to the ground when left in the air, while objects that can be left in the air use a different handler.
An important aspect of a good user interface is the ability to move through the displayed scene quickly and easily.

STOMPM currently has two chief modes of viewing the scene. These modes are tethered viewing and
egocentric viewing, which are entered into by selecting the menu items under the viewing menu. In tethercd
viewing mode, the user is virtually tethered to the 3D point of interest in world space, which is where the HotSpot
was before entering vicwing mode. In this case, moving to the left entails rotating about the 3D point of interest at a
fixed radius in the XY plane that corresponds to the viewer's left. Viewing in egocentric mode is simpler. When
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the camera “moves” to the left, the viewer rotates their view and does not translate at all. Tethered viewing mode is
of primary use when examining an object from several angles, but always looking towards the same area.
Egocentric viewing mode is always looking from the same area. A third useful application of egocentric viewing is
the ability to jump to any object the HotSpor points to, and then view from that point. Thus, it is possible to jump to
a pilot's viev- or a view from a certa’~ hilltop.

By using these two interface mechanisms, and other aspects of the GATK and GSceneObject interface it is
possible to quickly maneuver through a scene and view its objects, as well as relocate them. Currently missing from the
framework is an informational feedback of where the objects are as they are being moved, though this could be
implemented quickly enough. Other features, such as drop-lines from the objects to give the user positioning
information when they float above the terrain, bins to temporarily place objects in, means of removing alt objects of a
given type, etc. are all possibilities with the current STOMPM. However, as may have been apparent from the
discussion there are some features that are more a part of the toolkit than others, and it is questionable where to draw the

line between the toolkit components and objects proper, and those specific to the application. The end choice is always
up to the developer.

4. CONCLUSION

The visualization of strike related information such as aircraft routes, terrain and radar envelopes has been
enhanced by the use of stereographics, which has made it easier to view depth.  Furthermore, coupling stereographics
with an advanced display technology such as the workbench allow the users to work with a true 3D representation of
the world on a table top environment, which appears to be most natural for planners as many of the planning activities
with maps, etc are done on table tops. The workbench also provides a greater viewing area, allowing multiple
participants to view and potentially interact with the environment being modeled. The interface that we’ve developed
within STOMPM works well with the virtual workbench in many respects. Because the menu system is 3D, it does not
interfere with the stereoscopic workbench application as would the traditional menus. Secondly, the object reachability
constraints make it more convenient to drive the HorSpor via a joystick as opposed to driving it via other devices on the
workbench such as data gloves. Due to the large display area associated with the workbench, a person wearing a data
glove may find it difficult to interact with objects placed over such a wide display area. Using the joystick and
associated buttons, the user is able to rapidly point and click with the HorSpot anywhere on the display area.

5. FUTURE DIRECTION

The GATK has a wealth of opportunities for expansion. It currently stores none of its parameters to file, so it
is not customizable at all. There are many concerns regarding the display of other information, and options that are
possible in the VR world that go beyond the components common to the X environment and personal computer
operating environments. It would also be interesting to provide X widgets and menus, and/or porting to non-SGI
systems, which would require a hefty rewrite of all the graphical elements. A potential area for investigation is the use
of web technologies such as Java/ Virtual Reality Markup Language (VRML) as a graphical front end for STOMPM.
This would allow planners to interactively plan and collaborate with workbench planners. We have replicated a
module within STOMPM using Java and plan to continue research in the use of this emerging technology for real
applications.  Another area that we're investigating is the potential for the use of immersive environments in
conjunction with the workbench. A hypothesis is that planning functions would work best in an environment which
altows “Gods Eye” viewing such as that provided by the workbench. Also, once generated, these plans would best be
simulated in immersive environments. We are actively looking into issues pertaining to the interface between these
two different display platforms. We are also investigating multi-modal interfaces to replace or complement the already
existing interface within STOMPM. A multimodal interface will be of particular importance in immersive
environments in which there may be a varied and large amount of data to navigate through.
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We describe a pilot/vehicle interface (PV1) adaptation system that uses a computational situation assessment
(SA) model and pilot workload metrics to drive the content, format, and modality of military cockpit displays, as well
as modulate the degree of automaticity of various vehicle functions. Our conceptual design integrates two key
information streams: 1) a “content™ path, driven by a tactical situation assessment module that uses avionics system
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